
c CB 



NOT:CE 
This report was prepared a s  an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on 
behalf of NASA 

A.) Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained i n  this 
report, or that the use of any information, apparatus, 
method, or process disclosed in this report may not 
infringe privateiy owned rights; or 

B,) ,Assumes any Iiobiiities with respect to the use of, 
or for damages resulting from the use of any infor- 
mation, apparatus, method or process disclosed in 
th i s  report. 

As used above, uperson acting on behalf of NASA" includes 
any employee or contractor of NASA, or employee of such con- 
tractor, to the extent tho? such employee or contractor of NASA, 
or employee of such contractor prepares, disseminates, or 
provides QCCBSS to, any information pursuant to his employment 
or contract with NASA, or his  employment with such contractor. 

Requests for copies of this report should be referred to 

National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Attention: AFSS-A 
Washington, D. C. 20546 



NASA CR 72861 
NBS-4253439 

SUMMARY REPORT 

DEVELOPMENT OF TEST FACILITIES 

NOBLE METAL THERMOCOUPLE RESEARCH PROGRAM 

1000 - 2000 c 

bY 

P. Freeze, D.  Thomas, S .  Edelman, and J .  S te rn  

prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

January 1971 

CONTRACT NASA C-46191 -B 

Technical Management 
NASA Lewis P.esearch Center 

Cleveland, Ohio 
Chief, Instrument Research Branch 

I .  Warshawsky 

U.S. DEPARTMENT OF COMMERCE 
National Bureau of Standards 

Washington, D.  C.  20234 

3 



FOREWORD 

The research described here in ,  conducted a t  t h e  National 

Bureau o f  Standards,  Washington, D, C . ,  i s  performed under 

NASA Contract C-46191-B, dated January 17, 1969, as NBS 

Pro jec t  4253439. The work i s  cont ro l led  by NASA Projec t  

Manager, I .  Warshawsky, Chief of Instrument Research Branch, 

NASA L e w i s  Research Center and Technical Advisor, G . E .  Glawe. 
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ABSTRACT 

This report describes test facilities developed and work 

performed to date on the Noble Metal Thermocouple Research program. 

The program involves three performance characteristics of noble 

metal thermocouples in oxidizing media, such as air and air contain- 

ing various unburned gases. 

Characteristic I, an investigation of the effects from 

catalysis on platinum wires in a low velocity facility, indicated 

significant effects from certain gas mixtures. The concentration 

of the unburned gases in a mixture, flow rate, and wire diameter 

contribute significantly t o  the size of the error. 

results obtained in the high velocity test system show catalysis 

continues to be a source of error at increased velocities of 

0.2 x lo2 to 0.9  x lo2 meters per second. Characteristic I1 is a 

thermoelectric stability study of the iridium-40% rhodium versus 

iridium thermocouple system at temperatures up to 2000 C in 

oxidizing media such as air. A test facility and associated 

equipment was constructed and tested. Characteristic I11 involves 

a study to determine the effects of large and small temperature 

gradients on the accuracy and stability o f  thermocouple measurements. 

A heat source to generate controlled temperature gradients was 

tested. 

Preliminary 
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SUMMARY 

The research  program sponsored by NASA involves t h r e e  performance 

c h a r a c t e r i s t i c s  of noble metal thermocouples i n  a i r  and o t h e r  oxidizing 

media containing a mixture of a i r  and unburned combustibles,  i n  t h e  

temperature range of  1000 t o  1500 C .  C h a r a c t e r i s t i c  I i s  concerned with 

the  e f f e c t  o f  c a t a l y s i s  on the  temperature ind ica t ion  o f  noble metal 

temperature sensors .  Measurements obtained from t h e  C h a r a c t e r i s t i c  I 

s tudy i n d i c a t e  t h a t  s i g n i f i c a n t  e r r o r s  r e s u l t  i n  t h i s  temperature 

range when noble metal thermocouples are exposed t o  var ious unburned 

gas-a i r  mixtures ,  

mixtures o f :  

Platinum thermocouple elements were exposed t o  gas 

(a) a i r  + 1% hydrogen 

(b) a i r  + 2% hydrogen 

(c) 

cd) 

(e) a i r  + 0.5% butane 

(f) a i r  + 2% butane 

a i r  + 1% carbon monoxide + 0.01% hydrogen 

a i r  + 2% carbon monoxide + 0.01% hydrogen 

A t  a very low ve loc i ty  of 2 . 2  x meter per  second, an a i r  +2% 

butane mixture flowing over a 0 .8  mm diameter platinum wire r e s u l t e d  i n  

a temperature increase  of  approximately 100 C,  a t  an i n i t i a l  wire tem- 

pe ra tu re  of 1000 C ,  when compared with the  case f o r  a i r  flowing a t  t h e  

same ve loc i ty .  This can be compared t o  an increase  o f  13 C i n  an a i r  

p lus  2% hydrogen mixture and an increase  of 7 C i n  an a i r  p lus  2% 

carbon monoxide mixture a t  t h e  same gas ve loc i ty ,  wire diameter and 

i n i t i a l  wire temperature l e v e l .  Data obtained i n  the  v e l o c i t y  range of  
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2.2 x meter per second show that the magnitude of 

the catalytic error for a particular wire sample is dependent on the 

concentration of the unburned gases, flow rate and wire diameter. 

to 8.8 x 

Preliminary measurements in a second test facility which operated 

in a higher velocity range showed that catalysis continues as a source 

of error over a velocity range of 0 . 3  x lo2 to 0.9 x lo2 meters per 

second. This facility has the capability of extending the velocity 

range to 1.8 x lo* meters per second. 

Characteristic I1 is concerned with the thermoelectric stability 

of the iridium-40% rhodium versus iridium thermocouple system, for 

measuring temperatures up to 2000 Cy in oxidizing media. 

facility and associated equipment was constructed, installed and 

evaluated. 

couples to an atmosphere of  nitrogen at 2000 C, and two other samples 

to an atmosphere of air simultaneously. 

neutral reference environment. 

compared with the behavior of  a test thermocouple in the oxidizing 

atmosphere, - air. The determination of any changes in the thermo- 
electric stability of the thermocouple can be accomplished without 

removing the operative portions of  the thermocouples from the uniform 

hot temperature zone. 

A new test 

This test facility is capable of subjecting two thermo- 

Nitrogen is taken as the 

Behavior of a thermocouple in it is 

Characteristic XI1 is an investigation of the effects of tempesa- 

ture gradient on the accuracy and stability of thermocouple measurements. 

A Nd:YAG laser was obtained as a heat source to raise the junction 

temperature of  a water-cooled thermocouple probe to 2000 C. This 
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concentration of heat at the thermocouple junction will permit small 

and steep controlled gradients to be formed along the lead wires of 

the thermocouple. 
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1. INTRODUCTION 

Along with the advances in the technologies of combustion and 

metallurgy have come increases in the temperature of gaseous products 

emanating from jet engines. 

and efficiencies of propulsion engines presages even higher temperatures 

of exhaust gas in the future. As a result of these higher temperatures 

a need has arisen for thermocouples capable of sustained operation in 

hot oxidizing gases. For systems operating in the temperature range 

of 1000 to 2000 C, it becomes necessary to make use of thermocouples 

made from noble metals, such as platinum, rhodium, iridium and their 

various alloys. 

whose physical properties are generally known, but whose performance 

characteristics when subjected to high temperatures in oxidizing en- 

vironments containing products of combustion are not known. 

The continuing effort to increase thrust 

These metals can be fabricated into thermocouples 

A research program sponsored by the National Aeronautics and Space 

Administration, Lewis Research Center, Cleveland, Ohio under NASA 

Contract C-46191-B, dated January 17, 1969, NBS Project 4253439, in- 

volves three areas in which the accuracy o f  noble metal thermocouples 

is affected. 

Characteristic I is a study of the effect of catalysis on the 

temperature indication of noble metal thermoelements, particularly 

platinum-13% rhodium and platinum wires. There is a serious concern 

that these metals serve as catalysts in hot gaseous mixtures which are 

not in combustion equilibrium. There is good reason to believe that 

complete combustion is not attained for a considerable distance down- 

stream from any combustion chamber. Hence, in the use o f  the platinum 
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metals as thermoelements, consideration must be given to the possibility 

that equilibrium will not exist at the point of use and further chemical 

reaction may take place on the element surface. 

on the surface of an element of a small mass will be exothermic, and 

the heat liberated will tend to raise the temperature of a thermocouple 

to a value higher than its environment. Earlier investigators, Dah1 

and Fiock (ref. 1) , Stanforth (ref. 2) , Olsen (ref .3) and Stern, et a1 

(ref. 4) observed this chemical effect. 

Such catalytic action 

The results of the Characteristic I studies conducted at NBS under 

this contract provide information on catalytic effects over the planned 

temperature range of 1000 to 1500 Cy with various gas mixtures flowing 

at very low velocities. Preliminary results obtained with an improved 

facility and improved instrumentation give evidence that catalysis is 

present at higher velocities of 0.3 x lo2 to 0.9 x lo2 meters per second. 

The new facility can be evaluated over the same temperature range and 

with similar gas mixtures, as has been previously reported for low 

,velocities. 

Characteristic I1 is concerned with a study of a thermocouple 

system considered for use up to 2000 C in oxidizing media. Only thermo- 

couples of iridium and alloys based on iridium are suitable in such 

conditions. Aleksakhin, et a1 (ref. 5) studied thermocouples made from 

iridium alloys and reported certain combinations were suitable for use 

up to 2100 C, in an oxidizing atmosphere. Blackburn and Caldwell (ref. 

6) covered selected alloys from the standpoint of usefulness as thermo- 

couple elements such as 40, 50 and 60 percent rhodium. Their study did 

not yield results on which a definite preference could be based or 
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indicate the thermoelectric stability of the various combinations. 

investigation is concerned with the iridium-40% rhodium versus iridium 

system. 

in an oxidizing medium is being investigated. 

This 

Its thermoelectric stability at temperatures up to 2000 C, 

The furnace required for this study was built and evaluation tests 

begun. This furnace is capable of maintaining an oxidizing, reducing, 

neutral, or inert atmosphere inside any of four zirconia test cells for 

extended heating periods. 

Characteristic I11 is the development of a method to determine the 

effects of  temperature gradients on thermocouple indications. 

use of thermocouples, it is desirable to maintain the reference junction 

at a constant temperature, so that the Thermal Electromotive Force de- 

veloped by a thermocouple of  homogeneous elements immersed in a constant 

temperature sink o r  a medium with severe temperature gradients depends 

only on the junction temperature. However, in practical applications 

in both the laboratory and industrial usage, the handling and cold work- 

ing of thermocouple wires results in the developing of  inhomogeneous 

segments along the wires. 

couple depends not only on the temperature of  the junction, but on the 

temperature distribution along the elements. Thermocouples are to be 

exposed to controlled gradients in gas mixtures at temperatures up to 

2000 C, and the effects on their performance analyzed and evaluated. 

In the 

The emf developed by an inhomogeneous thermo- 

A test facility f o r  this study was designed. A laser is to be 

used as a concentrated heat source that heats only a discrete portion 

of the thermocouple to 2000 C. 
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2. APPARATUS AND TEST PROCEDURE 

I. The study to determine the catalytic effects received first 

priority. 

scribed in a report by Stern, et al (ref. 4), is a low velocity test 

facility. 

meter per second or quite small as compared to those encountered in 

aircraft propulsion research. The second facility was designed f o r  

higher velocities in the range of 0.1 x 10' to 1.8 x l o 2  meters per 

second. In both facilities, the effect of catalysis on thermocouples 

is evaluated by using single wires of the positive and negative elements. 

The elements are resistance heated to achieve exposure temperature. 

The studies were conducted in two facilities. The first, de- 

The velocities were in the range of 2 x loe3 to 9 x 

The 

thermoelements specified for the test are platinum-13% rhodium and 

platinum. 

Figure 1 is a general schematic diagram of  the low velocity test 

apparatus with the test element in positkon. 

into a hair-pin configuration as shown in Figure 2 .  Various wires of 

0 . 3 ,  0.5, and 0.8 mm diameter were tested. Platinum wires serving as 

voltage leads were welded to the test element. 

ally heated to various temperatures between 1000 and 1500 C by use of 

a current regulated dc power supply. 

after the temperature of the test element had reached stability. 

The test element is formed 

The sample was electric- 

Three parameters were measured 

The 

three parameters were; 

1. The direct current flowing through the sample. 

2 .  The voltage drop (IR) across the 150 mm test length of  the 

sample. 

3 .  The brightness temperature of the test element as determined 
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with a c a l i b r a t e d  o p t i c a l  pyrometer. 

on which the  o p t i c a l  pyrometer was s igh ted  i s  po in t  A, Figure 2 .  

The pos i t i on  on t h e  wires 

The above parameters were first measured a t  each temperature with 

only a i r  flowing through the  t es t  chamber, then with t h e  mixture o f  

a i r  p lus  a known amount of  a combustible gas .  

air-hydrogen, air-carbon monoxide, a i r -carbon monoxide with a t r a c e  o f  

hydrogen and air-butane.  

x 4.4 x l o r 3 ,  6.6 x and 8 .8  x meter pe r  second. 

The mixtures used were 

Measurements were made a t  v e l o c i t i e s  o f  2 .2  

Preliminary s t u d i e s  were a l s o  conducted i n  a high ve loc i ty  t e s t  

s e c t i o n  shown i n  Figure 3. 

gases t o  e n t e r  a plenum chamber a t  low v e l o c i t i e s  and then increase  t o  

h ighe r  v e l o c i t i e s  i n  a cons t r i c t ed  t e s t  s ec t ion .  The in s ide  diameters 

The apparatus was designed t o  allow t h e  t es t  

o f  t h e  test  s e c t i o n  and plenum chamber were 0.64 cm and 6.4 cm respec- 

t i v e l y .  

t e s t  s ec t ion  and was he ld  i n  t h i s  p o s i t i o n  by upper and lower water- 

cooled sample holders .  The length of  t he  t e s t  sample exposed t o  the  

gas  flow was 8 . 3  cm.  

s e c t i o n  was determined by measurement of  t o t a l  p ressure ,  s t a t i c  p re s su re ,  

and temperature of  t he  f l u i d .  The s t a t i c  pressure  i n  the  test  sec t ion  was 

determined through the  s t a t i c  p re s su re  t a p  i n  the  cen te r  o f  t h e  t e s t  

s e c t i o n  and t h e  t o t a l  p ressure  i n  the  system was determined with a plenum 

The tes t  sample was mounted along t h e  v e r t i c a l  a x i s  of t h e  

The v e l o c i t y  o f  t h e  gases flowing i n  the  t e s t  

chamber p i t o t  tube ,  The temperature of  t he  tes t  sample was measured 

us ing  an o p t i c a l  pyrometer with appropr ia te  cor rec t ions  f o r  t h e  s p e c t r a l  

emiss iv i ty  of  t h e  t e s t  sample a.nd t ransmission losses  o f  t h e  viewing 

window. To e l imina te  undesirable  bending o f  the  sample by thermal 

expansion a t  high temperatures,  e l e c t r i c a l  contact  t o  t h e  lower end of 
14 



t he  samplc was providcd through an indium-gallium c u t e c t i c .  

molybdenum weight a t tached t o  the  t e s t  sample was suspended i n  the  

e u t e c t i c  which i s  l i q u i d  a t  room temperature.  E l e c t r i c a l  power was 

brought t o  t h e  e u t e c t i c  by a molybdenum-clad copper wire extending t o  

t h e  outs ide  of  t h e  apparatus .  

A small 

During an ac tua l  test run, pressur ized  dry a i r  was re leased  i n t o  

t h e  calming chamber, Figure 4, where it would s t r i k e  a d i f f u s i n g  p l a t e  

and flow through a s e r i e s  of  d i f fus ing  screens t o  reduce flow turbulence,  

With t h e  dry a i r  flowing over t h e  tes t  sample a t  a predetermined veloc-  

i t y ,  t h e  e l e c t r i c a l  power t o  the  t e s t  sample was increased u n t i l  it 

reached a se l ec t ed  tes t  temperature between 1000 and 1500 C .  

temperature was then accura te ly  determined using the  o p t i c a l  pyrometer. 

This procedure was repeated with a t e s t  gas mixture (unburned gas) flow- 

ing  over t h e  sample a t  the  same ve loc i ty  as t h e  dry a i r  and with t h e  

same e l e c t r i c a l  power t o  t h e  tes t  sample. The d i f f e rence  between the  two 

measured temperatures was a t t r i b u t e d  t o  t h e  sample temperature increase  

'hue t o  c a t a l y s i s  on the  sur face  of  the  sample. To v e r i f y  t h a t  t h i s  i n -  

c rease  i n  sample temperature r e su l t ed  from c a t a l y s i s ,  a sample was 

prepared from a non-ca ta ly t ic  ma te r i a l ,  - gold.  Although t h e  wire 

f a i l e d  a t  the  higher  v e l o c i t i e s ,  t h e  measurements obtained ind ica t ed  t h e  

gold sample t o  be f r e e  of  c a t a l y t i c  e f f e c t s .  

The sample 

11. A high temperature furnace shown i n  Figure 5 was designed and 

b u i l t  f o r  t he  C h a r a c t e r i s t i c  I1 study t o  determine the  thermoelec t r ic  

s t a b i l i t y  o f  t he  iridium-40% rhodium versus i r id ium thermocouple system 

i n  oxid iz ing  media, a t  temperatures up t o  2000 C. 

of  the  furnace considerable  emphasis was placed on t h e  following 
15 
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f ea tu res :  

1. 

2.  

3 .  

4 .  

5 .  

Four z i r con ia  t e s t  c e l l s  were located in s ide  a tantalum 

heat ing element f o r  comparing two thermocouples i n  a n i t rogen  

atmosphere (neutral  re fe rence  environment) with t w o  thermo- 

couples i n  a i r .  

During operat ion of t h e  furnace a t  temperatures between 1500 

and 2000 C,  a hot  zone uniform i n  temperature t o  within 2 1 %  

is maintained i n s i d e  t h e  hea t ing  element over approximately 

460 nun of  i t s  length.  

The thermocouple p a i r s  a r e  f i rs t  ca l ib ra t ed  by immersing them 

i n  a por t ion  o f  an isothermal zone t o  a pos i t i on  where t h e i r  

junc t ions  a r e  located a t  t he  cen te r  of t h e  upper s i g h t i n g  

window. Then, f o r  t h e  prolonged hea t ing  phase o f  t h e  t es t ,  

t h e  thermocouple p a i r s  a r e  f u l l y  immersed t o  a pos i t i on  a t  

t h e  cen te r  o f  t h e  lower s igh t ing  window. For r e c a l i b r a t i o n  

t h e  p a i r s  a r e  again withdrawn t o  t h e i r  o r i g i n a l  pos i t i on .  In 

t h i s  way t h e  segment o f  thermocouple t h a t  had been exposed t o  

t h e  temperature grad ien t  during aging w i l l  not con t r ibu te  t o  

the  thermoelec t r ic  output ,  so t h a t  it is  assured t h a t  observed 

changes i n  thermal output a r e  due t o  aging a t  t h e  t e s t  temper- 

a t u r e .  

The thermocouples a r e  f r e e l y  suspended i n  the  hot  zone o f  t he  

t e s t  c e l l s .  

A t  temperatures above 1600 C ,  t h e  thermocouple i s  so suspended 

a s  t o  be f r e e  from contact  with any e l e c t r i c a l l y  conductive 

ma te r i a l s .  
16 



The h e a t e r  is  a s p l i t  tantalum tube 10.2 cm i n  diameter and 80 cm 

i n  length  maintained i n  a helium atmosphere. 

s ec t ion  a re  four z i r con ia  tubes and a tantalum well  containing a 

re ference  thermocouple. 

diameter and 80 cm long. The tantalum w e l l  i s  80 cm long closed a t  one 

Located within t h i s  t e s t  

Each z i r con ia  tube is approximately 2.5 cm i n  

end and has an ou t s ide  diameter o f  1.3 c m  and a wall thickness  of  1.5 mm. 

The temperature of t he  hot  zone w i l l  be accura te ly  determined using 

a c a l i b r a t e d  o p t i c a l  pyrometer s igh ted  on t h e  blackbody loca ted  a t  t h e  

end o f  t h e  re ference  thermocouple w e l l .  

be s igh ted  through t h e  upper window with t h e  tantalum well  as the  t a r -  

ge t .  Corrections f o r  emiss iv i ty  and window transmission l o s s  w i l l  be 

made t o  provide the  t r u e  temperature o f  t h e  hot  zone. 

A second o p t i c a l  pyrometer w i l l  

The tantalum h e a t e r  i s  surrounded by tantalum hea t  s h i e l d s .  These 

cons i s t  of  t h r e e  sepa ra t e  components ( top,  s i d e ,  and bottom). Each 

component is  an assembly o f  s i x  layers  o f  tantalum shee t .  They a r e  

enclosed i n  a dual-wall s t a i n l e s s  s t e e l  water cooled j acke t .  

The water cool ing f o r  the  furnace i s  suppl ied from a manifold 

system which i s  connected t o  two independent water supp l i e s .  

i s  provided with appropr ia te  instrumentat ion so t h a t  e i t h e r  supply can 

be operated manually o r  i n  an automatic mode. 

The system 

Figure 6 i s  a schematic arrangement of  t he  furnace and i t s  assoc i -  

a ted  equipment. A c o n t r o l l e r  i s  capable of  maintaining t h e  furnace a t  

any temperature wi th in  the  range of  200 t o  2300 C .  

s i l i c o n  c o n t r o l l e r  r e c t i f i e r  type w i t h  an input  o f  480 v o l t s ,  3 phase 

and 60 h e r t z .  

t ransformer and step-down transformer.  
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The controller includes an adjustable current limiting device which 

can be set for a pre-determined maximum current supplied to the furnace. 

If a maximum current is reached during operation in either the manual 

or automatic furnace control mode, the limiting device does not cut the 

power off but instead maintains this maximum current until the furnace 

controls are reset. 

The control instrumentation for the furnace includes a recorder and 

a C.A.T .  control unit with a combination manual and automatic mode of 

operation. On the automatic mode, the controller and recorder system 

utilizes the thermal output of the control thermocouple in the tantalum 

well 

*1/2%. 

assembly t o  maintain a predetermined furnace temperature within 

A vacuum system consisting of a mechanidal pump in series with a 

diffusion pump and a liquid nitrogen trap are required for purging the 

system. A helium atmosphere is then maintained over the tantalum compo- 

nents in the furnace hot zone during operation of the facility. 

Provisions are made to circulate oxidizing, inert, o r  neutral gases 

through the zirconia test cells containing the test thermocouples. 

During the calibration periods the thermal emf's of the test thermo- 

couples can be switched to the desired read-out equipment. 

111. Characteristic I11 involves a study of the effects of temper- 

agure gradient on the accuracy and stability of thermocouple measurements 

up to 2000 C. This investigation is third in priority. Experiments 

indicated that gradients could be formed without affecting the flow 

of gas over the thermocouple if a laser was used to heat the junction 

of the thermocouple. A Nd:YAG laser was acquired and tested. 
18 



The initial test of the laser was to determine i f  it could producc 

60 watts of beam power continuously for a period of one and one half 

hours. 

the radiated power. 

A broad-band cw laser power meter was used to measure directly 

A test was then conducted to determine that divergence of the laser 

beam was within the angle of  2 . 5  degrees, as required, in the specifica- 

tion. 

3.  DISCUSSION OF RESULTS 

I. The results of the experiments on catalysis by noble metal 

thermocouple materials were obtained in the low velocity test facility. 

The high velocity system was designed and constructed during this con- 

tract period, 

accurate pressure measuring instrumentation. However, preliminary 

measurements were made with less sophisticated instrumentation. 

The facility was nearly completed except f o r  the required 

The work consisted of studying the effects of catalysis on platinum 

thermocouple wires as a function of the following parameters: 

1. Test gas composition 

2. Test gas concentration 

3 .  Flow rate and temperature, separately o r  synergistically, 

4. Wire size (diameter). 

The measurements show a temperature increase due to catalysis over 

the entire temperature range of  1000 to 1500 C, for the three gas mix- 

tures studied. 

diameter platinum wire samples in gas mixtures of air + 2% butane, air + 

2% hydrogen, and air + 2% carbon monoxide at a very low velocity of  2.2 

x meter per second, all at a pressure level of approximately one 

Figure 7 is a plot showing catalytic error for 0.8 mm 
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atmosphere. 

was obtained f o r  t h e  t h r e e  mixtures ,  but t h e  increase  from the  a i r  + 2% 

butane mixture was considerably l a r g e r  than t h e  increases  i n  e i t h e r  a i r  

+ 2% hydrogen o r  a i r  + 2% carbon monoxide. A t  a temperature of  1025 C ,  

an increase  i n  temperature o f  approximately 95 C was obtained with a 

mixture o f  a i r  + 2% butane.  This can compare t o  an inc rease  o f  1 2  C 

i n  a i r  + 2% hydrogen and an increase  of  7 C i n  a i r  + 2% carbon monoxide. 

A s i m i l a r  comparison can be made a t  1500 C .  The increases  i n  wire  

The increase  i n  wire  temperature as a r e s u l t  of  c a t a l y s i s  

temperature are 36 C f o r  a i r  + 2% butane, 2 C f o r  a i r  + 2% carbon 

monoxide and 1 C f o r  a i r  + 2% hydrogen. 

Figure 8 presents  t h e  r e s u l t s  of  add i t iona l  measurements on an 0 .8  

mm diameter platinum sample i n  a gas mixture of a i r  + 2% butane and 

i n  a mixture of  a i r  + 0.5% butane,  a t  a gas v e l o c i t y  of  4 .4  x 

p e r  second. 

a f f e c t s  t h e  s i z e  of  t he  error due t o  c a t a l y s i s .  A t  1200 C the  e r r o r  

obtained with an a i r  + 0.5% mixture o f  butane i s  34 C compared with 134 C 

f o r  a i r  + 2% butane.  This i n d i c a t e s  an approximately l i n e a r  r e l a t i o n s h i p  

between t h e  concentrat ion of  combustibles o f  a given composition and t h e  

r e s u l t i n g  c a t a l y s i s  e r r o r .  

meter 

The concentrat ion of  a combustible i n  a given mixture 

I t  i s  t o  be noted t h e  e r r o r  due t o  c a t a l y s i s  decreases  a s  t h e  

temperature of  t h e  wire inc reases .  

The e f f e c t  o f  flow r a t e  on c a t a l y s i s  e r r o r  i s  presented i n  Figure 

The temperature r i s e  caused by c a t a l y s i s  i s  nea r ly  propor t iona l  t o  9 .  

t h e  flow r a t e  a t  t he  v e l o c i t i e s  covered i n  t h e  low v e l o c i t y  f a c i l i t y .  

The g r e a t e r  flow o f  combustible gases over t h e  platinum element produces 

more combustion, t r a n s f e r r i n g  more hea t  t o  the  wire  while thermal 
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l o s s  by r a d i a t i o n  is increased only s l i g h t l y  by the  higher  temperature 

of t h e  wire.  The magnitude o f  t he  e f f e c t  a t  lower temperature i s  what 

might be expected from a hea t  balance between t h e  r a t e  of combustion 

and t h e  r a t e  of  hea t  t r a n s f e r .  

Figure 10 shows t h e  e f f e c t s  o f  c a t a l y s i s  as a func t ion  of  wire 

diameter.  

was found t h a t  t h e  c a t a l y t i c  temperature r i s e  becomes g r e a t e r  with a 

decrease i n  wire  diameters .  These r e s u l t s  a r e  q u a l i t a t i v e  , as  expected, 

however the  devia t ion  from a hyperbol ic  r e l a t i o n  remains t o  be explained.  

Figure 11 presents  some prel iminary r e s u l t s  obtained i n  t h e  new 

For the  t h r e e  sizes o f  platinum wires  used i n  the  t e s t ,  it 

high v e l o c i t y  t e s t  system. 

of  1 .8  x l o 2  meters p e r  second o r  g r e a t e r ,  t h e  f i g u r e  presents  da t a  

obtained t o  da t e  showing temperature increases  d.ue t o  c a t a l y s i s  as a 

func t ion  of var ious v e l o c i t i e s  o f  0 .3  x l o 2 ,  0 .6  x 10’ and 0 .9  x l o 2  

meters p e r  second. 

s u l t s  obtained i n  t h e  low v e l o c i t y  t e s t  apparatus on 0 .5  mm diameter 

platinum samples i n  a gas mixture o f  a i r  + 2% carbon monoxide + .01% 

hydrogen. 

Although t h e  f a c i l i t y  can reach v e l o c i t i e s  

Included i n  t h e  f i g u r e  f o r  comparison a r e  the  r e -  

The prel iminary r e s u l t s  obtained i n  t h e  high ve loc i ty  apparatus 

i n d i c a t e  t h a t  t h e  e f f e c t s  o f  c a t a l y s i s  continue t o  increase  with i n -  

c reas ing  v e l o c i t i e s ,  up t o  0.9 x l o 2  meters p e r  second. 

I t  should be pointed out  t h a t  during the  normal operat ion of a 

modern j e t  engine,  t h e  concentrat ions o f  carbon monoxide, hydrogen, 

and hydrocarbons 

mixtures i n  t h i s  

engines would be 

a r e  considerably smal le r  than those used i n  the  gas 

s tudy.  Thus t h e  c a t a l y t i c  hea t ing  o f  normally operated 

propor t iona l ly  l e s s .  

2 1  
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such t h a t  the  c a t a l y s i s  cont r ibu t ion  t o  t h e  sample temperature could 

be determined over t he  e n t i r e  range of temperatures and v e l o c i t i e s  

s e l e c t e d  f o r  t he  inves t iga t ion .  

11. The high temperature furnace f o r  use i n  determining t h e  

thermoelec t r ic  s t a b i l i t y  s tudy  of t he  iridium-40% rhodium versus i r id ium 

thermocouple system i n  oxid iz ing  media was placed i n  opera t ion  and 

var ious  t e s t s  begun. A s e r i e s  of tests was conducted t o  determine t h e  

temperature grad ien t  along approximately 50 cm of  the  hot  zone with one 

z i r con ia  test  c e l l  i n  p lace .  

ence along t h i s  e n t i r e  hot  zone a t  1600 C was 11.6 C ,  and a t  2000 C was 

The observed maximum temperature d i f f e r -  

about 25 t o  30 C .  This d i f f e rence  was wi th in  the  des i red  * 1% a t  

1600 C,  but  exceeded the  to le rance  des i red  a t  t he  upper l i m i t  o f  2000 C .  

D i f f i c u l t i e s  were encountered i n  the  use of  c a l c i a  s t a b i l i z e d  

z i r con ia  tubes as t e s t  c e l l s  f o r  aging the  thermocouples. 

which these  tubes a r e  heated and cooled i s  important,  e s p e c i a l l y  a t  

t h e i r  c r i t i c a l  temperature range of  700 t o  800 C.  Often during t h e  

cool ing phase of a heat ing cyc le ,  tube f a i l u r e  occurs i f  the  ra te  of 

cool ing o f  150 C pe r  hour i n  t h e  c r i t i c a l  temperature range i s  exceeded. 

New thin-wal l  magnesia s t a b i l i z e d  z i r con ia  tubes have been obtained and 

appear t o  be considerably more r e s i s t a n t  t o  thermal shock. 

The r a t e  a t  

111. The e f f o r t  on the  C h a r a c t e r i s t i c  I11 study was d i r ec t ed  

toward developing the  necessary t e s t  f a c i l i t y .  The l a s e r  heat  source was 

acquired and t e s t e d .  

f o r  a per iod of  1 1 / 2  hours.  

required t o  hea t  a thermocouple of iridium-40% rhodium versus i r id ium 

t o  the  des i red  temperature of  2000 C.  

I t  produced a constant  power output of  61 wat t s  

This output was g r e a t e r  than the  4 3  wat t s  

The beam divergence was found 
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s a t i s f a c t o r y .  

4. CONCLUSIONS 

The r e s u l t s  o f  t h e  s tud ie s  ind ica t e  temperature sensing elements 

made of  platinum mate r i a l s  a r e  sub jec t  t o  e r r o r s  due t o  c a t a l y s i s .  

f i g u r e s  present  da t a  ind ica t ing  t h a t  t he  magnitude of  c a t a l y s i s  e r r o r  

i s  dependent upon t h e  type of combustible i n  t h e  a i r  mixture,  t he  con- 

cen t r a t ion  o f  t h e  combustible i n  t h e  mixture,  t h e  flow rate o f  t he  gas 

medium, and t h e  diameter o f  the  platinum wire.  

The 

The r e s u l t s  o f  t h e  prel iminary s t u d i e s  i n  the  high v e l o c i t y  f a c i l i t y  

show t h a t  c a t a l y s i s  continues t o  be a source of  e r r o r  i n  t h e  v e l o c i t y  

range of 0 . 3  x l o 2  t o  0.9 x l o 2  meters p e r  second. I t  w i l l  be necessary 

t o  go t o  h igher  flow rates t o  a sce r t a in  i f  t h e r e  is  a v e l o c i t y  a t  

which t h i s  hea t ing  e f f e c t  reaches a l i m i t  o r  no longer  e x i s t s .  

p resent  apparatus i s  expected t o  permit extension of t h i s  s tudy t o  

v e l o c i t i e s  of  1 .8  x l o 2  meters p e r  second.) 

(The 

The evaluat ion of  the  furnace f o r  t h e  thermoelec t r ic  s t a b i l i t y  

s tudy of  t h e  iridium-40% rhodium versus i r idium system ind ica t e s  t h e  

furnace is  s u i t a b l e  f o r  use a t  temperatures up t o  2000 C ,  f o r  extended 

per iods o f  heat ing.  

i s  s a t i s f a c t o r y  f o r  t h e  planned method of  aging of  t he  thermocouples 

and checking f o r  any changes incurred from t h e i r  exposure t o  an 

oxid iz ing  atmosphere. 

The temperature grad ien t  i n  the  furnace hot  zone 
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